Abstract. Mobile robotic devices rely critically on extrospection sensors to determine the range to objects in the robot's operating environment. This provides the robot with the ability both to navigate safely around obstacles and to map its environment and hence facilitate path planning and navigation. There is a requirement for a full-field range imaging system that can determine the range to any obstacle in a camera lens' field of view accurately and in real-time. This paper details the development of a portable full-field ranging system whose bench-top version has demonstrated sub-millimetre precision. However, this precision required non-real-time acquisition rates and expensive hardware. By iterative replacement of components, a portable, modular and inexpensive version of this full-field ranger has been constructed, capable of real-time operation with some (user-defined) trade-off with precision.
Introduction
Mobile robotic devices are critically dependent upon extrospective sensors in order to be able to operate in an environment. Specifically, accurate range finding is required in order to be able to negotiate around obstacles, map the environment and implement efficient path planning. Such ranging needs to not only be accurate, but also able to be acquired in real-time with a high field-of-view coverage.
Infrared ranging is often used for close-range obstacle avoidance and has become increasingly popular with the development of the inexpensive Sharp GP2 range of analogue and digital detectors [1] . However, such sensors are limited in range and are seldom reliable past 3 metres or so. Ultrasonic techniques are often employed when ranging to ~10 metres (dependent upon the carrier frequency) however they suffer significantly from the broadness of the transmitted beam, exacerbated by the comparative difficulty in focussing an acoustic rather than an EM wave. Subsequently for this technique to be of use in mobile robotic ranging and mapping, considerable software processing is often required to counter the multiple path reflections. Furthermore, because of the inherent dead-band, ultrasound must often be augmented by an IR sensor for close range obstacle detection.
The limited range of these techniques is a significant impediment to mobile operation in a large open environment, and hence laser-based ranging using a projected dot or line is often employed. Sick [2] (for example) are a major supplier of such laser based systems and produce a variety of devices with fields of view ranging from 70° through to 360°. The wider fields of view are achieved at the expense of lower acquisition rates or significantly greater cost. Whilst precision to the millimetre level is obtainable, this is normally only achievable if range is significantly compromised. Consequently, laser scanning systems that provide an acceptable compromise between long range, good precision, wide field of few and low acquisition times are typically extremely expensive and outside the budget of many mobile robot projects. Certainly this expense often precludes their incorporation into commercial devices.
A niche exists for the development of a ranging system that provides a wide field of view, high precision, and a short acquisition time. Furthermore, such a system would ideally be able to alter its field of view simply by changing the lens or incorporating a telephoto system adjustable by the user (or autonomously by the robot) during range acquisition.
These requirements can be satisfied by a Full-Field Range Imaging System (FFRIS), whereby the range to every object in a field of view (determined by an optical lens) can be obtained simultaneously. A specific requirement by the authors is to obtain a FFRIS that can be mounted on robots in their mobile robotic fleet, three of which are pictured in Figure 1 . Ideally this FFRIS could be used in both an indoor and an outdoor environment. The authors believe it is instructive to relate the development of our successful FFRIS in terms of the successive design iterations that addressed particular problems or limitations that were identified at each stage in the development process. We hope that such a description will aid the reader in appreciating the problems inherent in the development of full-field ranging systems and hence understand the justification of
